The Euler equations, namely a set of nonlinear partial differential equations (PDEs), mathematically describing the dynamics of inviscid fluids are numerically integrated by directly modeling the original continuous-domain physical system by means of a discrete multidimensional passive (MD-passive) dynamic system, using principles of MD nonlinear digital filtering. The resulting integration algorithm is highly robust, thus attenuating the numerical noise during the execution of the steps of the discrete algorithm. The nonlinear discrete equations approximating the inviscid fluid dynamic phenomena are explicitly determined. Furthermore, the WDF circuit rehlization of the Euler equations is determined. Finally, two alternative MD WDF set of nonlinear equations, integrating the Euler equations are analytically determined.
INTRODUCTION
The problem of deriving the analytic solution of nonlinear (NL) partial differential equations (PDEs) is a rather difficult task. The problem has not as yet been solved for the majority of cases. For this reason a variety of numerical methods solving discretized versions of the NLPDEs (see e.g. [1] [2] [3] [4] [5] [6] [7] [8] and the references therein) have been developed.
The solution of such a numerical problem appears to have many applications in fluid mechanics, electromagnetics and thermodynamics. One important set of NLPDEs is that of the Euler equations. The Euler equations describe the dynamics of an inviscid fluid, thus having a variety of applications in fluid mechanics (industrial equipment, flight systems, fan systems, etc.). The numerical solution of this type of equations has attracted considerable attention (see e.g. [1] [2] [3] [4] [5] [6] [7] [8] (see [1 1] and the references therein). The advantage of this technique is mainly based on the preservation of passivity when the continuous system is transformed to the respective discrete approximation. This way the numerical errors in the iteration of the steps of the discrete algorithm, simulating the original system, appear to be attenuated [12] . This In this section three equivalent expressions of the Euler equations (2.1 and 2) will be presented. These equivalent expressions will facilitate the passive discretization algorithm that will be derived. It is mentioned that the steps required for the derivation of the equivalent forms have first been presented in [9] . For presentation purposes the three equivalent expressions will be partitioned into three different subsections. where To E R is the sampling period. The operator mapping the discrete to the discrete u is denoted by RA(T0), i.e.
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Since the inductances appearing in Fig. 1 The trapezoidal rule can be expressed in terms of an operator, let A(T'){f.}, as follows zx(v') {f(t');(t') }, (t') 2L(t') T" (4.6) In order to discretize the inductances in the circuit of Fig. 1, i .7) the discretized circuit, corresponding to the passive circuit of Fig. 1 , is derived to be the reference circuit in Fig. 2 that follows. Based upon the reference circuit of Fig. 2 , the following set of discrete equations is derived for the numerical integration of the Euler equations. (2.7) and (2.10). 
WDF REALIZATION
In this section the analytic and circuit forms of the WDF realization of the reference circuit in Fig. 2 , or equivalently of the MD system of equations in (2.7) and (2.10), will be derived. The analytic form of the WDF realization is the formulation of the numerical algorithm integrating the Euler equations. In order to derive a robust algorithm it is suitable to adopt power waves instead of the voltage waves usually preferred in wave digital filtering [11] . Thus for a port of voltage u, current and nonconstant port resistance R >_ 0, the forward a and the backward wave b are defined as follows:
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